As abnormalities in diurnal ambulatory blood pressure pared to normotensive subjects (17.1 ؎ 6.7 vs 14.6 ؎ 7.1 mm Hg; unadjusted mean ؎ s.d., P ‫؍‬ 0.022). Normo-(BP) have been associated with hypertensive target organ damage in adults, we investigated the diurnal systensive and hypertensive groups did not differ in nocturnal DBP fall or SBP or DBP night-day ratio. Race tolic BP (SBP) and diastolic BP (DBP) patterns of 54 normotensive children, age 13.4 ؎ 3.0 years, and 45 appeared to influence the diurnal BP pattern as black subjects had less nocturnal SBP fall (12.9 ؎ 6.9 vs untreated borderline and mildly hypertensive children, age 14.4 ؎ 2.6 years. Subjects wore the SpaceLabs 17.1 ؎ 6.5 mm Hg; P Ͻ 0.005) and a higher night-day SBP ratio (90.1 ؎ 5.3 vs 86.7 ؎ 4.6%; P Ͻ 0.005) than 90207 ambulatory BP monitor for 24 h. BP was measured q 15 min from 08.00-21.00 h then q 30 min from white subjects.
Introduction
have been noted in the diurnal SBP and diastolic The diurnal ambulatory blood pressure (BP) pattern BP (DBP) patterns of normotensive adolescents, with may be one important factor associated with target less fall in BP at night in black adolescents. [9] [10] organ damage from hypertension. Studies have sugThese racial differences in the diurnal BP profile gested that adults who lack the normal diurnal fall have been suggested as a factor in the greater hyperin ambulatory BP (non-dippers) have greater left tension-related morbidity seen in black adults. ventricular mass than those with the normal nightThis study was designed to: (1) compare the diurtime fall in BP (dippers).
1 It is unknown, however, nal BP patterns of children and adolescents with if lack of diurnal BP fall is a cause or effect of target normal BP with those who have borderline or mild organ damage. Study of the diurnal BP pattern at a hypertension; and (2) explore the effect of age, genyoung age or prior to development of target organ der and race on diurnal BP changes within these damage may help to answer this question.
groups. The normal diurnal fall in BP has been evaluated in several groups of normotensive children and adoSubjects and methods lescents. The difference between daytime and nighttime systolic BP (SBP) in healthy normotensive adoAll subjects undergoing 24-h ambulatory BP monilescents is approximately 8-13%, with higher toring between March, 1992 and July, 1996 at Arkmeasurements obtained during waking hours. 15 Daytime and night-time was determined readings were present in у22 h of the day.
For this study, subjects without a history of hyperindividually for each subject from reported sleep and waking times. Nocturnal BP fall was calculated tension were considered to have normal BP if casual readings were below the 90th percentile for age and by subtracting the mean night-time from mean daytime SBP, DBP and MAP. The night-day ratio was gender according to guidelines from the Second Task Force on Blood Pressure Control in Children. 12 multiplied by 100 to express the night-time BP as a percentage of the mean daytime SBP, DBP and Subjects with a history of elevated BP were categorized as borderline hypertensive if the average sys-MAP. 16 Cusums and cusum-derived statistics were calculated as described elsewhere. 17 Briefly, this tolic or diastolic BP on at least three separate occasions within 3 months of the monitoring period method involves subtracting the time-weighted mean 24-h BP from each successive BP measurewas between the 90th and 95th percentiles for age and gender or as having hypertension if above the ment, adding these deviations adjusted for the length of the preceding time interval and plotting 95th percentile. variation. The cusum-derived crest BP is the highest time-weighted pressure sustained for any 6-h interRedmond, WA, USA). This monitor (version 02.11.19) has been evaluated in children. 13 The val during the monitoring period. Similarly, cusumderived trough BP is the lowest mean pressure susmonitor was programmed to record BP every 15 min from 08.00 to 21.00 h and every 30 min from 21.00 tained during any 6-h period. The cusum-derived circadian alteration magnitude (CDCAM) is calcuto 08.00 h. If the monitor failed to obtain a reading another attempt was made after 2 min. Cuff size was lated by subtracting the cusum-derived trough from the crest pressure. determined using guidelines from the American Heart Association to choose the cuff closest to a SAS software (SAS Institute Inc, Cary, NC, USA) was used to calculate cusum-derived statistics and bladder width = 40-50% and length у80% of midarm circumference. 14 In the initial 15 subjects, the for comparison of the normotensive and hypertensive groups. Group characteristics were compared manufacturer's standard 112 cm length tubing was used to connect the cuff placed on the right arm with by unpaired two-tailed Student's t-test and χ 2 analysis. Analysis of covariance was used to compare the monitor worn with a waist-belt. Problems with kinked tubing were noted, which were believed to diurnal BP patterns between groups with adjustment for age, race, gender and body mass index (BMI). be related to excess tubing length for the shorter frame of pediatric subjects. Tubing length was then
The effect of race, gender and age on diurnal BP was examined individually for each factor by secondary adjusted in subsequent subjects for body size as described previously. 13 Readings were automatically analysis after adjustment for hypertension status and other covariates. As the mean age for all subjects rejected when SBP was Ͻ50 or Ͼ200 mm Hg, DBP was Ͻ30 or Ͼ150 mm Hg, pulse pressure Ͻ20 or was 13.8 ± 2.8 years, age 14 was used to categorize subjects into age Ͻ14 years and age у14-year groups Ͼ150 mm Hg or heart rate Ͻ20 or Ͼ200 beats per minute. An acoustic signal was given by the monitor for comparison of systolic CPH as a significant age X group interaction was present. The influence of 5 s before inflation from 08.00-21.00 h to remind subjects to keep the cuffed arm still. The mean of height on nocturnal BP fall and the night-day ratio was also examined. All data are reported as the two auscultatory BP readings obtained using a standard mercury manometer (WA Baum Co, Copiague, unadjusted mean ± s.d. unless otherwise indicated. The level of significance for all statistical tests was NY, USA) at the time of monitor placement was used to determine the casual BP level. Subjects were P Ͻ0.05. asked to avoid bathing and contact sports during the monitoring period but encouraged to participate in Results other usual activities. Each subject was given a diary to record activity while wearing the monitor.
Twenty-four hour ambulatory BP records from 158 subjects were reviewed and 99 subjects met inclusion criteria. Most excluded subjects were Analysis receiving antihypertensive medication at the time of monitoring. Fifty-four subjects, aged 6.4 to 17.5 At the end of the 24-h period each monitor was downloaded to an IBM-compatible computer using years, were normotensive and 45 subjects, aged 8.4 to 18.7 years, had borderline (21 subjects) or mild SpaceLabs 90219 interface (version 3.03.27) software. Data were then transferred to SPSS hypertension. Eight subjects in each group wore the monitor on a school day; the remainder wore the (version 6.1) (SPSS Inc, Chicago, IL, USA) for calculation of mean 24-h, daytime and night-time SBP, monitor on non-school days. As shown in Table 1 , hypertensive subjects had significantly greater DBP and mean arterial pressure (MAP). Mean values weight, height, BMI, casual BP, ambulatory BP and nificant group by age interaction was present (P = 0.005), systolic CPH and hypertension status BP load than normotensive subjects. There was no difference between normotensive and hypertensive was examined after categorizing subjects by age. Systolic CPH was significantly greater in hypertensubjects in the percentage of valid readings (83.1 ± 7.9% vs 79.9 ± 10.0%). Hourly means for SBP sive than normotensive subjects aged у14 years, but did not differ between groups for subjects aged and DBP by group are plotted against time in Figure 1 .
Ͻ14 years. The influence of age, height, gender and race on Differences in analysis of covariance between normotensive and hypertensive groups for diurnal meathe diurnal BP pattern was examined after adjustment for hypertension status and other covariates. sures are shown in Table 2 . Nocturnal BP fall was significantly greater for SBP but not DBP or MAP Nocturnal SBP fall increased with age (P = 0.024) as shown in Figure 2 , but age did not appear to influin hypertensive subjects. There was no significant difference between groups in the night-day ratio. ence nocturnal DBP fall or the night-day ratio. Height and gender did not effect nocturnal BP fall Cusum-derived systolic and diastolic crest and trough BP was greater as expected in hypertensive or the night-day ratio. As shown in Table 3 , black subjects had significantly less nocturnal SBP and subjects. Systolic CDCAM and diastolic CPH were also greater in hypertensive subjects. Because a sig-DBP fall and greater night-day SBP ratio. Diastolic CDCAM was significantly lower in black compared to white subjects, but not in males compared to females. Significant race by gender (P Ͻ 0.05) interactions were present for some outcomes. After stratifying race by gender and adjusting for hypertension status and age, black females had lower systolic CDCAM, systolic CPH, and diastolic CPH than white females. When gender was stratified by race, white males and females did not differ for cusum-derived measures, and black males had only a higher systolic CPH than black females.
Discussion
This study suggests the diurnal BP pattern of children and adolescents with borderline and mild these periods was 2-4 mm Hg greater in hyperten- One explanation for the small differences between normotensive and hypertensive children in this study is dilution of the hypertensive group with borderline hypertensive subjects. This potential limitation was examined by comparing groups for nocturnal BP fall and night-day ratio after exclusion of borderline hypertensive subjects. The results were unchanged as the hypertensive subjects differed from normotensive subjects only in nocturnal SBP fall.
Few studies have previously compared the diurnal BP patterns of normotensive and hypertensive children. 6, [25] [26] [27] [28] [29] In general, our findings are congruent with the reported higher nocturnal BP levels, 6, [25] [26] [27] 29 BP loads 25, 28, 29 and similar diurnal BP patterns 26 in hypertensive compared with normotensive children. One previous study found cosine curves gen- erated from 24-h ambulatory BP readings to be simifall and age for normotensive (᭺) and hypertensive (̆) subjects. lar in hypertensive and normotensive Japanese A significant relationship is present as indicated by the solid students, age 15-16 years. 26 The hypertensive group line (P = 0.024).
had a higher average BP or midline estimating statistic of rhythm-adjusted mean (MESOR) than the sive than normotensive children when expressed as normotensive group with each group showing a the nocturnal BP fall or CDCAM, but both groups minimum BP at about 3 am and maximum BP at had a similar night-day SBP ratio. No differences about 11 am and 7 pm. Other measures of diurnal BP were seen between groups for nocturnal DBP fall, variation such as night-day ratio or cusum-derived night-day DBP ratio or diastolic CDCAM. While statistics were not reported in this study. Another greater absolute SBP change has been described preinvestigator compared the average difference of the viously in hypertensive adults, [18] [19] [20] [21] some studies eight highest and eight lowest ambulatory BP readsuggest that less diurnal BP change is present in ings between children with normal and high casual adults with hypertensive target organ damage such BP. The difference was 7-10 mm Hg greater for SBP as left ventricular hypertrophy and microalbuminand DBP in hypertensive than normotensive chiluria.
1, 22 Controversy remains regarding whether lack dren. 25 In one other study, 14 children with borderof diurnal BP fall is a cause or effect of hypertensive line or mild hypertension were reported to have an target organ damage. 23, 24 While target organ damage average nocturnal BP fall of 10.9 ± 9.4 mm Hg for was not evaluated in this study, the similarity of the SBP and 12.0 ± 7.1 mm Hg for DBP, 2-3 mm Hg diurnal BP pattern between groups suggests that below but not significantly different from 123 normdevelopment of borderline and mild primary hyperotensive children. 6 tension at a young age itself does not influence the diurnal BP pattern during adolescence. Nocturnal BP fall has been previously reported in
